Fungicidal activity of six prepared indole derivatives in addition to indole-3-acetic acid and indole-3-butyric acid was in vitro evaluated against Fusarium calmorum, Pythium debarianum, Rhizoctonia solani and Macrofomina phaseoli fungi. The toxicity appeared to be a function of both the treated fungus and the tested concentration. IC 50 values were calculated and the structure activity relationship (SAR) was illustrated. 2-Phenylindole and 1-acetylindole-3-butyric acid exhibited persuasive fungicidal activities, so their effects were examined in vivo against polyphenoloxidase (PPO), peroxidase (PO), DNA, RNA and sugar contents. Polyphenoloxidase in R. solani systematically responded to 2-phenylindole concentrations with IC 50 value of 80.3 mg/ml. 1-Acetylindole-3-butyric acid was more effective than 2-phenylindole with IC 50 values of 41.5 and 80.2 mg/ml comparing with 87.6 and 117.1 mg/ml on F. calmorum and M. phaseoli, respectively. While against P. debarianum, the enzyme was inhibited by 1-acetylindole-3-butyric acid with IC 50 equaled 45.6 mg/ml. Effect of the tested compounds on peroxidase was differed among the tested fungi. The peroxidase extracted from P. deparianum was less inhibited. Changing in sugar, DNA and RNA contents of the tested fungi were exhibited that explains the disturbance of the fungal cell physiology and developing deformed and dead cells.
Introduction
Several researches are directed to evaluate new compounds as effective fungicides to face continuous fungal infections. Indole nucleus occupies a position of major importance as antimicrobial agents in the vast heterocyclic structural space. Combination of indole-3-acetic acid (IAA), the most active endogenous auxin involving in various physiological processes in higher plants, with Cryptococcus laurentii suppressed blue and gray mold infections (Penicillium expansum and Botrytis cinerea) on pear fruit more than C. laurentii alone.
1) It affected the dry rot causative pathogen, Gibberella pulicaris, suppressing infection of wounded potatoe, optimally when combined with phenylacetic acid and tyrosol.
2) It reduced spore germination, mycelial dry weight and protein content of tomato wilt pathogen, F. oxysporum lycopersici, preventing disease incidence by soil pathogens when applied in vivo to the soil.
3) It also inhibited mycelial growth of Macrophomina phaseolina in vitro and reduced charcoal rot disease both in field and greenhouse. 4) Its 5-methoxy-derivative showed antifungal activity against F. oxysporum, Rhizoctonia solani and Coprinus comatus and it was the most potent among pineal products against Agrobacterium tumefaciens.
5)
Several indole derivatives showed antimicrobial activity as 1H-indole-4,7-diones exhibited potent antifungal activity against Candida krusei, Cryptococcus neoformans, and Aspergillus niger.
6) The methanol extract from calli seeds using Gamborg's B5 basal media supplemented with 1.0 mg/ml of indole-3-butyric acid had great potential antimicrobial activities against 23 bacteria and 15 fungi and yeast species tested. 7) 5-Nitro-2-phenyl-1H-indole and 2-aryl indole derivatives with ortho substitution on the phenyl ring inhibited the N-or A-efflux pump in the human pathogenic bacteria, Staphyllococcus aureas. 8) This study aimed to examine the fungicidal effects of some indole derivatives against the damping off fungi: Fusarium calmorum, Rhizoctonia solani, Pythium debarianum and against Macrofomina phasoli that causes post harvest fruit rotting. So, six indole derivatives were prepared and tested, in Indole-3-acetic acid (1), El-Gomhouria Drug Company; indole-3-butyric acid (2) , Sisco Research Laboratories, Mumbai, India, and other chemicals and solvents were purchased from El-Gomhouria Drug Company, Egypt. The standard fungicide, metalaxyl, N- (2,6- dimethylphenyl-N-methoxyacetyl)-DL-alaninemethylester was donated by Kafr El-Zayat Company for pesticides, Egypt.
Melting points were determined on Kofler block and were uncorrected. The NMR spectra were recorded on Varian Mercury-VX-300 NMR Spectrometer with DMSO-d 6 solution using tetramethylsilane (TMS) as a standard. EI-Mass spectra were recorded on a Shimadzu MS-5988 mass spectrometer at 70 eV.
Both enzymatic activity and nucleic acids contents were measured using Nicolet 100 UV-VIS Spectrophotometer, Thermo Electron Corporation. Sugar contents were measured on Unico-1200 Spectrophotometer. 
Preparation of the tested compounds
Except indole-3-acetic acid and indole-3-butyric acid, the other tested indole derivatives were prepared ( Table 1 , Fig. 1 ) as follows:
1-Benzoyl indole-3-acetic acid (3)
Indole-3-acetic acid (1.0 g, 5.7 mmol) was dissolved in 40 ml of 10% aq. NaOH with stirring for 15 min at room temperature. Benzoyl chloride (2.0 ml) was added in portions within 20 min. 9) The content was acidified with conc. HCl to give a white precipitate. Inorganic salts formed were removed with water and the yield was recrystallized from 95% aq. EtOH to pure 1-benzoyl indole-3-acetic acid (0.75 g, 47%) with mp 117-118.5°C. 1 
1-Acetyl indole-3-butyric acid (4)
Indole-3-butyric acid (1.0 g, 4.9 mmol) was refluxed with acetic anhydride (50 ml) and glacial acetic acid (2.0 ml) for 40 min and poured into ice with stirring. The mixture was kept overnight at 6°C. A yellowish white precipitate was filtered, washed with water and recrystallized from 75% aq. EtOH to 0.9 g (75%) of 1-acetyl indole-3-butyric acid with mp 165-166°C. 1 Vol. 35, No. 4, 431-440 (2010) Fungicidal activity of certain indole derivatives against some plant pathogenic fungi 433 spectrum revealed that the fragmentation of the molecular ion by loss both the acetyl and carboxyl groups provides the ion at m/z 157, which gave m/z 143 and 129 ions by losing one or two CH 2 groups. Lack of CH 3 and COOH gave m/z 185 fragment that loses either C 2 H 4 or CNO group to m/z 157 or 143 fragment through ring fission.
1-Benzoyl indole-3-butyric acid (5)
Indole-3-butyric acid (1.0 g, 5.0 mmol) was mixed with 40 ml of 10% aq. NaOH and 30 ml of 95% aq. EtOH. The mixture was stirred for 5 min at room temperature and it was turned yellow. Benzoyl chloride (3.0 ml) was added in portions through vigorous stirring and the stirring was continued for 15 min. The reaction mixture was acidified with dil. HCl and kept at Ͻ0°C overnight. An oily material was produced, recovered in 95% aq. EtOH, concentrated, and kept at 6°C overnight. The produced white powder was recrystallized from aq. EtOH to 1.1 g (75%) of 1-benzoyl indole-3-butyric acid with mp 113-114°C. 1 H NMR spectrum showed signals of benzoyl protons arranged at d 7.95, 7.97 and 7.99 for meta, para and ortho protons. Benzoyl moiety shifted signals of both indole ring and the aliphatic protons downfield in comparison to 1-acetylindole-3-butyric acid. Mass spectrum revealed benzoyl and phenyl ions at m/z 105 and 77. The remained moiety was protonated to m/z 203, which was fragmented at m/z 158 and 130 through loss of COOH and subsequently C 2 H 4 groups, respectively. Ring cleavage gave protonated benzamide at m/z 122.
2-Phenylindole (6)
Polyphosphoric acid was prepared by complete dissolving 160 g of phosphorus pentoxide in 100 ml of ortho-phosphoric acid under heating. 10) Phenylhydrazone was prepared by mixing acetophenone (20 g, 0.17 mol) with 18 g (0.17 mol) of phenylhydrazine and 60 ml of EtOH. The reaction mixture was acidified with 1.0 ml of glacial AcOH and warmed for 10 min. After half cooling, 40 ml of 10% aq. NaOAc was added and the mixture was completely cooled. The produced yellowish phenylhydrazone was filtered and washed with 500 ml of dil. HCl and 100 ml of EtOH to white solid with mp 105-106°C. The produced phenylhydrazone (22 g) was introduced to 100 ml of the prepared polyphosphoric acid in a 400 ml beaker and heated to 150°C with continuous stirring. After cooling to 110°C, cold water was added and a creamy precipitate was filtered under vacuum, refluxed with 300 ml of EtOH and filtered in a pre-heated buchner funnel. The residue was washed with EtOH and the combined filtrates were concentrated to 16 g (71%) of crude yield. Recrystallization from 95% aq. EtOH (10 ml/g) in presence of little charcoal gave the pure 2-phenylindole with mp 189-190°C, 93% recovery. 1 
1-Acetyl-2-phenylindole (7)
2-Phenylindole (1.34 g, 7.0 mmol) was refluxed with 60 ml of Ac 2 O and 1.0 ml of AcOH for 40 min, followed by pouring into ice water and filtration. The product was washed with water and recrystallized from 95% aq. 
1-Benzoyl-2-phenylindole (8)
2-Phenylindole (3.0 g, 16 mmol) was dissolved in 70 ml of 5% aq. NaOH. Benzoyl chloride (5 ml, 49 mmol) was added at room temperature with vigorous stirring in 20 min. After freezing for 48 hr, crystalline powder was separated on buchner funnel, freed from the alkaline with water and recrystallized from EtOH with charcoal to give the pure 1-benzoyl-2-phenylindole (3.9 g, 83%) with mp 106-107°C. 
Tested fungi
Four species: F. calmorum; P. debarianum; R. solani and M. phaseoli were chosen as economical plant pathogenic fungi damaging several crops. These pathogenic fungi were provided from Plant Pathology Department, Faculty of Agriculture, Alexandria University, Egypt.
Methods of testing 3.1. In vitro Fungitoxic effects
Measurements were carried out by using radial growth test.
11)
A definite volume of the Czapek-Dox medium (12 ml) containing agar (4.5 g/100 ml water) was sterilized in conical flasks. Citrate-Phosphate buffer solution (0.2 M dibasic sodium phosphate; 0.1 M citric acid, 3 ml) was autoclaved separately; both solutions were mixed in a sterile conical flask. The tested compounds dissolved in DMSO were finally added to be 1, 10, 50, 100, 200 and 500 mg/ml. The contents of each flask (36 ml) were distributed in three sterilized Petridishes and considered as one treatment. All additions were done under aseptic conditions. After solidification, the inoculum disc (7 mm in diameter) of each tested fungus was located in the center of the Petri-dish. Control in the presence of the calculated volume of DMSO only to be 1% as its final concentration was concurrently conducted. The results were recorded by measuring the diameter of the hyphal growth when the growth of the untreated fungi completely covered the surface of Petri-dish. The inhibition percents of the hyphal growth were calculated. 12) IC 50 values were determined in mg/ml for each compound and fungus.
In vivo biochemical effects
Biochemical interactions were conducted in vivo on the tested fungi using liquid medium experiments. The Czapek-Dox medium was prepared in conical flasks containing the tested concentrations to be 0, 0.1, 0.25, 0.5, 1 and 2 of IC 50 values of 2-phenylindole and 1-acetylindole-3-butyric acid on each fungus. An inoculum disc of the tested fungus was located on the surface of the medium in each flask. When the hyphal growth in untreated flask was completely grown, the contents of each flask were filtered under vacuum and used for biochemical effects.
Polyphenoloxidase activity
The samples of the hyphal growth (0.5 g) were homogenated with 3 ml of borate buffer (50 mM boric acid, 15 mM borax, pH 9.0) and centrifuged at 4000 rpm for 15 min. The supernatant was used to determine the activity of polyphenoloxidase (PPO) activity at 575 nm.
13)

Peroxidase activity
The samples of the hyphal growth (0.5 g) were homogenated with 4 ml of phosphate buffer (2 M monobasic sodium phosphate, 2 M dibasic sodium phosphate, pH 6.0) and centrifuged at 4000 rpm for 15 min. The supernatant was used to measure peroxidase (PO) activity 470 nm.
14) The homogenates were measured for their protein contents 15) and the specific activities were calculated. Inhibition percents in both enzymes activities were determined.
DNA and RNA contents
The dried crushed hyphal growth (0.1 g) was extracted with 5.0 ml of perchloric acid (0.5 M) on a boiling water bath for 20 min. After cooling, both DNA and RNA contents were determined in mg/l at 270 and 290 nm. 16) 
Effect on sugar contents
The air-dried hyphal growth (0.5 g) of M. phaseoli or R. solani was blended with 10 ml of 80% aq. EtOH, and 1.0 ml aliquot of the resulted extract was used for determining of total soluble sugars (T.S.S), reducing sugars (R.S) and non-reducing sugars (non-R.S) using the picric acid method 17) against a standard glucose solution. The sugar contents were determined as mg/g hyphal weight.
Statistical analysis
Inhibition percents in the hyphal growth were analyzed using the analysis of variance (ANOVA) and Student-NewmanKules Test. IC 50 values, 95% confidence limit, slopeϮSE, and c 2 were determined using probit analysis method.
18)
Results and Discussion
In vitro Fungitoxic effects
Fungitoxic effects of the tested compounds were recorded as IC 50 values in Table 2 . Against F. calmorum, derivatives of 2-phenylindole were more effective than the standard fungicide, metalaxyl, with IC 50 values ranged from 67.4 to 99.9 mg/ml. 1-Acetylindole-3-butyric acid appeared to be the most active with IC 50 value equaled 26.6 mg/ml. The other prepared derivatives were less effective than the standard fungicide. M. phaseoli was affected in the same array with less toxicity degree. 1-Benzoyl-2-phenylindole slackened in its effect to less than the standard fungicide. Fungicidal activity was increased against P. debarianum in all cases in comparison to F. calmorum. The derivatives: 2-phenylindole, 1-acetyl-2-phenylindole and 1-benzoyl-2-phenylindole, inhibited its hyphal growth with IC 50 values equaled 17.7, 15 and 81 mg/ml, respectively, in comparison to 211 mg/ml of the standard fungicide. 1-Acetylindole-3-butyric acid was very active with IC 50 value equaled 19 mg/ml. R. solani appeared to be more tolerant than the other tested fungi for all of the tested compounds, including the standard fungicide. Both 2-phenylindole and its 1-acetyl-derivative showed high effects with IC 50 values equaled 34.6 and 37.5 mg/ml. 1-Acetylindole-3-butyric acid exhibited less fungitoxic activity than on the other fungi, it is still more active than metalaxyl, followed by 1-benzoyl-2-phenylindole with 117 and 122.2 mg/ml, respectively. From the mentioned results, fungicidal activity proved to be a function of both the treated fungus and the derivative structure. Regarding the tested fungi, P. debarianum was the most sensitive, followed by F. calmorum, R. solani and M. phaseoli. Their hyphal growth was inhibited with a MeanϮSE equaled 35.52Ϯ2.16, 30.02Ϯ1.99, 28.02Ϯ1.66 and 25.31Ϯ 1.49 mg/ml, respectively, with significant differences. Regarding the structure activity relationship, it was noticed that acylation of the natural auxin enhanced its fungicidal activity as substitution with a 1-benzoyl moiety in indole-3-acetic acid (IAA) slightly increased the activity; although in case of indole-3-butyric acid (IBA) it had no significant effect. Acetylation of IBA strongly multiplied the activity against all tested fungi. Replacing the 3-aliphatic chain with 2-phenyl moiety firmly improved the toxicity against all the tested fungi. While benzoylation of 2-phenylindole decreased its activity, acetyla-tion maintained its toxicity high. Based on statistical analysis, 1-acetylindole-3-butyric acid, 2-phenylindole, 1-acetyl-2-phenylindole and 1-benzoyl-2-phenylindole exhibited their inhibition with MeanϮS.E. equaled 44.65Ϯ3.91, 43.07Ϯ3.32, 42.36Ϯ3.38 and 31.02Ϯ2.76 mg/ml, respectively surpassing the standard fungicide with 29.05Ϯ2.46 mg/ml. The other structures were less effective than the standard fungicide. 
In vivo biochemical effects 2.1. Effects on polyphenoloxidase and peroxidase
Effects of 2-phenylindole and 1-acetylindole-3-butyric acid on polyphenoloxidase and peroxidase activities are presented in Tables 3 and 4 . Polyphenoloxidase activity in R. solani systematically responded to 2-phenylindole with IC 50 equaled 80.3 mg/ml. 1-Acetylindole-3-butyric acid inhibited the enzyme activity with less than 50% at the low concentrations, followed by activation at high concentrations. In all other cases, 1-acetylindole-3-butyric acid was more effective than 2-phenylindole inhibiting the polyphenyloxidase with 41.5 and 80.2 mg/ml IC 50 values comparing with 87.6 and 117.2 mg/ml, respectively in case of F. calmorum and M. phaseoli. While P. debarianum enzyme activity was inhibited by 1-acetylindole-3-butyric acid with IC 50 equaled 45.6 mg/ml, 2-phenylindole enhanced it with activating concentration of 50% (AC 50 ) equaled 35.1 mg/ml. Regarding the effect on peroxidase, in R. solani it was activated with AC 50 equaled 14.5 and Ͻ11.7 mg/ml for 2-phenylindole and 1-acetylindole-3-butyric acid, respectively. Both two compounds exhibited narrow ranged inhibitory effects against the enzyme from P. debarianum. While in M. phaseoli treatment, the enzyme was activated systematically with 1-acetyl indole-3-butyric acid with AC 50 less than 5.9 mg/ml, 2-phenylindole affected it from Ϫ39 to 54.3% inhibition regularly with increasing its concentration. It affected the activity of F. calmorum enzyme from 85.0 to Ϫ115.3% inhibition within its concentration range. This activity was inhibited with 2-phenylindole with IC 50 equaled 49.9 mg/ml. (Table 4) . From the previous data it was noticed that the effect was a function of both the tested fungus and the used compound. In all cases the enzyme activity was systematically affected with the tested concentration. Peroxidase from P. deparianum was less sensitive as it was affected in narrow range of inhibition or activation, while it was different in case of polyphenoloxidase. The effect also changed regarding the tested compound which maybe due to the chemical structure differences like the type and position of the substituent on the indole ring. Vol. 35, No. 4, 431-440 (2010) Fungicidal activity of certain indole derivatives against some plant pathogenic fungi 437 
Effect on DNA and RNA contents
Effects of 2-phenylindole at several rates of its IC 50 values on RNA and DNA content in each tested fungus are recorded in Table 5 . Both RNA and DNA molecules are related to each other and RNA molecules are formed in the nucleus by transcription of genetic information encoded in the sequence of DNA basis: so the results obtained were exhibited in systematic response with both RNA and DNA content. In F. calmorum, RNA and DNA contents as compared with control (51.5 and 49.5 mg/l) were found to be reduced at all the tested IC 50 rates of 2-phenylindole. This reduction was increased with increasing the tested concentration to 0.5 IC 50 , then RNA content was dramatically increased to 26.3 and 24.7 mg/l and DNA content was increased to 25.3 and 23.8 mg/l at 1 and 2 IC 50 . On the other hand, RNA and DNA contents in R. solani highly increased more than untreated control and reached the maximum peak of increase at 1.0 IC 50 of 2-phenylindole. RNA and DNA contents in M. phasoli were reduced to less than 50% of control at all the tested rates. They changed from 8.3 to 5.9 and from 8.0 to 5.7 mg/l comparing with 16.1 and 15.5 mg/l of control. These contents of P. deparianum behaved the same trend of these in M. phasoli, changing from 30.6 to 11.4 and from 29.4 to 10.9 mg/l at the tested concentrations comparing with 32.2 and 31 mg/l of control in nonsystematic arrangement. 1-Acetylindole-3-butyric acid affected both RNA and DNA contents differently according to the tested fungi and concentration. It reduced them in F. calmorum in systematic arrangement at all the tested IC 50 rates comparing with control. While RNA and DNA contents in M. phasoli were decreased by increasing the tested rate in systematic arrangement. This decreasing effect was noticed in all fungi. The RNA and DNA contents were reduced from 45.4 to 20.3 and 43.6 to 19.5 mg/l in case of F. calmorum, they were reduced from 12.9 to 6.7 and from 11.7 to 6.5 in case of M. phaseoli comparing with 51.5, 49.5, 16.1 and 15.5 of control, respectively. While the contents from P. debarianum were decreased until 0.5 IC 50 and increased again at the two highest concentration rates, they were systematically increased with increasing the concentration in case of R. solani ( 
Effect on sugars contents
Results of the effects of the tested compounds on sugar contents are presented in Table 7 . Comparing with untreated fungus, all the sugar types of M. phasoli were decreased at all 2-phenylindole concentrations with non-systematic arrangement. At 0.1 IC 50 of 1-acetylindole-3-butyric acid, its sugar contents were drastically reduced, followed by non systematic increasing with increasing the treated concentration in case of non-reduced sugars, while the two other sugars were systematically increased. R. solani sugars contents were multiplied at 0.1 and 0.25 IC 50 concentrations. At 0.5 IC 50 , a firm decrease was exhibited in both reduced and non-reduced sugars. This reduction was increased at 1.0 IC 50 . This effect was differed from the effect of 1-acetylindole-3-butyric acid as both reduced and non-reduced sugars were systematically decreased with increasing the tested concentration. Both the reduced and non-reduced sugars as well as the total soluble sugars were in vivo affected with the two studied compounds in a treated fungus and concentration dependent effect. This change in the sugar contents revealed the disturbance in the fungus cell, which reflects the fungicidal effect of the tested compounds.
From the mentioned data, it could be concluded that 2-phenylindole and 1-acetylindole-3-butyric acid affected both RNA and DNA contents in the tested fungi, which may develop deformed and dead cells. These effects of indole acetic acid and some derivatives are due to oxidative decarboxylation, leading to formation of 3-methylene-2-oxindole, which may conjugate with DNA bases and protein thiols. 19) There were highly effective against polyphenoloxidase and peroxidase activities with either inhibition or elevation that means disturbance in cell physiology as it has been revealed that IAA alone or with C. laurentii stimulated catalase, peroxidase and polyphenol oxidase activities of pear fruit.
1) The studied indole derivatives may affect the treated fungi in another site of action as, for example, it has been found that indole-3-acetic acid (IAA), indole-3-butyric acid (IBA) greatly increase somatic segregation in Aspergillus nidulans and increasing their concentrations increased mitotic segregation of the fungus. 20) It is a view of importance that indole acetic acid is well tolerated in humans and is not readily oxidized by mammalian peroxidase, so indole derivatives could be used as good antifungal compounds and maybe safe to mammals.
